Abstract Hormone receptor (HR) negative breast cancers are relatively more common in low-risk than high-risk countries and/or populations. However, the absolute variations between these different populations are not well established given the limited number of cancer registries with incidence rate data by breast cancer subtype. We, therefore, used two unique population-based resources with molecular data to compare incidence rates for the 'intrinsic' breast cancer subtypes between a low-risk Asian population in Malaysia and high-risk non-Hispanic white population in the National Cancer Institute's surveillance, epidemiology, and end results 18 registries database (SEER 18). The intrinsic breast cancer subtypes were recapitulated with the joint expression of the HRs (estrogen receptor and progesterone receptor) and human epidermal growth factor receptor-2 (HER2). Invasive breast cancer incidence rates overall were fivefold greater in SEER 18 than in Malaysia. The majority of breast cancers were HR-positive in SEER 18 and HR-negative in Malaysia. Notwithstanding the greater relative distribution for HR-negative cancers in Malaysia, there was a greater absolute risk for all subtypes in SEER 18; incidence rates were nearly 7-fold higher for HR-positive and 2-fold higher for HR-negative cancers in SEER 18. Despite the well-established relative breast cancer differences between low-risk and high-risk countries and/or populations, there was a greater absolute risk for HR-positive and HR-negative subtypes in the US than Malaysia. Additional analytical studies are sorely needed to determine the factors responsible for the elevated risk of all subtypes of breast cancer in high-risk countries like the United States.
Introduction
Breast cancer incidence overall is known to vary within and across geographic locations and/or ethnic groups [1] , with the highest risks (or rates) occurring in the more economically developed regions of the world and among non-Hispanic white women. Moreover, breast cancers among high-risk countries and/or populations such as in the United States (US) typically have greater relative frequency distributions (fractions or proportions) of hormone receptor (HR)-positive than HR-negative tumors [2, 3] . In contrast, breast cancers among low-risk countries and/or ethnic groups such as certain Asian and African populations trend toward greater fractions of HR-negative subtypes [4] [5] [6] [7] .
The factors responsible for these varying relative distributions are not fully known. Given the lack of reliable cancer registry data in many less developed regions, it is uncertain if the relative differences represent absolute differences in the age-standardized or age-specific incidence rates. Therefore, to compare the relative and absolute breast cancer differences in a high-risk and low-risk country, we examined breast cancer subtypes in the US (high-risk) and Malaysia (low-risk).
Invasive female breast cancer case and population data for non-Hispanic whites (NHW) and Asian/Pacific Islanders (API) in the US were obtained from the National Cancer Institute's surveillance and epidemiology and end results 18 registries database (SEER 18) [8] . Native Asian women in Malaysia were accrued from the Department of Radiotherapy and Oncology (DRO) of the Sarawak General Hospital (SGH), which captures about 93 % of all breast cancer cases in Sarawak [9] . Both SEER and the DRO databases have recorded HR and human epidermal growth factor-2 receptor (HER2) data for the recapitulation of the four so-called 'intrinsic' breast cancer subtypes [10, 11] .
Patients and methods
There were 1,741 female patients diagnosed with invasive breast cancer from the Department of Radiotherapy (DRO) at Sarawak General Hospital (SGH) in Sarawak, Malaysia from 2003 through 2011. The breast cancer cases were corrected to the expected population total by dividing the observed number in each 5-year age group by 0.93 (the percentage of breast cancer cases in Sarawak that are captured by the DRO). Estimates for the general population at risk in Sarawak were obtained from population quick information web site, Department of Statistics Malaysia (http://statistics.gov.my/). We compared the invasive breast cancer cases among Asians in Sarawak to non-Hispanic White (NHW; n = 352,832), and Asian/Pacific Islander (API; n = 34,218) female breast cancers in SEER 18 (2003 SEER 18 ( -2011 [8] , representing about 28 % of the U.S. population. The project was approved by the National Ethics Committee, Ministry of Health of Malaysia and exempted from review by the NIH Office of Human Subject Research Protections since it did not involve interaction with human subjects and/or use of personal identifying information (OHSRP number: 5410).
Pathology
Demographic and tumor characteristics in Malaysia and SEER 18 included age at diagnosis, tumor size, tumor grade, axillary lymph nodal status, hormone receptor expression (HR; estrogen receptor (ER) and progesterone receptor (PR)), and human epidermal growth factor receptor-2 (HER2) expression. ER and PR were assessed with immunohistochemical (IHC) staining of formalinfixed, paraffin-embedded tissue sections, while HER2 expression was determined by IHC and fluorescence in situ hybridization (FISH), as previously described [9] . All IHC staining in Sarawak was done in the central pathology laboratory of SGH. To assess the accuracy of IHC staining for ER and PR expression in Sarawak, S.M.H. confirmed a high degree of agreement among a subset of tumor samples (n = 34). The so-called breast cancer 'intrinsic' molecular subtypes were recapitulated with joint HR (ER or PR) and HER2 expression: HR-positive/HER2-negative (luminal A), HR-positive/HER2-positive, HR-negative/HER2-positive (HER2-enriched), and HR-negative/HER2-negative (triple negative) [12, 13] . SEER's 18 registries database collected ER and PR data for our entire study period but did not begin to record HER2 expression until 2010 [8] .
Statistical analysis
Incidence rates for Malaysia and SEER 18 were age standardized to the 2000 US standard population by the direct method. We quantified the temporal trend in the age-standardized rate (ASR) with the estimated annual percentage change (EAPC) in the ASR. Age-specific incidence rates were calculated and plotted on a log-linear scale by thirteen 5-year age groups and one group for all women 85? years (i.e., ages 20-24, 25-29,ÁÁÁ, 80-84, and 85? years). The differences in incidence rates by breast cancer subtype and ethnicity/race were quantified by incidence rate ratios (IRRs), and 95% confidence intervals (CIs) with IRR for NHW women assigned as the reference racial group (IRR NHW = 1.0). Separate IRRs were calculated for age groups (20-39, 40-69, and 70-89). All p values were two-sided and considered statistically significant when p \ 0.05. Statistical analyses were conducted using Stata version 11.2 (Statacorp, College Station, TX) and MATLAB Ò R2012b (The MathWorks Inc., MA).
Results
Median ages at diagnosis were 62 years, 56 years, and 50 years for NHW, API, and Malaysian women, respectively ( Table 1 , p \ 0.001). The relative frequency distributions of all tumor characteristics were significantly different in SEER 18 and Malaysia (p \ 0.001), except for tumor grade. Breast cancers were larger at diagnosis with more lymph node positive and ER-negative disease in Malaysia. For women with known hormone receptor (HR) expression, more than 70 % were HR-positive in SEER 18 and nearly 60 % HR-negative in Malaysia.
Age-standardized incidence rates (ASRs)
The ASRs for breast cancer overall ranged from 180.6 to 125.0 to 36.2 per 100,000 among NHW, API, and Malaysian women, respectively ( Table 2 ). The ASRs varied more for ER-positive than ER-negative breast cancers. ER-positive incidence rates were nearly 7-fold greater between NHW than Malaysian women and only 2-fold greater for ERnegative cancers between NHW and Malaysian women. For breast cancer overall, the estimated annual percent change (EAPC) in the ASR decreased slightly for NHW and rose modestly for API women in the US (Table 2) . Conversely, in Malaysia, the EAPC rose 3.44 % per year (95 % CI: 1.13 to 5.80 %/year). The EAPCs for ER-positive and ER-negative breast cancers diverged in SEER 18 as previously described [14] , i.e., ER-positive cancers rose while ER-negative cancers declined for NHW and API women. More specifically, we observed an annual rise of about 2 % for ER-positive breast cancers in SEER 18 compared to a sharper annual increase of 6.7 % in Malaysia. There also was a non-significant rise for ERnegative breast cancers in Malaysia.
Age-specific incidence rates by ER expression Age-specific incidence rates for ER-negative breast cancers rose rapidly until age 50 years then flattened among US women (Fig. 1a-b) ; whereas rates for ER-positive cancers continued to rise, albeit at a slower pace after age 50 years. On the other hand, in Malaysia, age-specific rates flattened after age 50 years irrespective of ER expression (Fig. 1c) .
Incidence rates of ER-negative breast cancer were highest for NHWs peaking near 60, 40, and 30 per 100,000 woman-years among NHW, API, and Malaysian women, respectively; whereas ER-positive rates peaked near 400, 200, and 30 per 100,000.
Age-specific incidence rates and rate ratios by molecular subtype Age-specific incidence rates (Fig. 2, upper panels) and incidence rate ratios (IRRs, Fig. 2 lower panels) were stratified by molecular subtype and ethnicity. Age-specific rates for HR-positive/HER2-positive, HR-negative/HER2-positive (HER2-enriched), and HR-negative/HER2-negative (triple negative) cancers rose rapidly until age 50 years then flattened or fell irrespective of geographic location and/or ethnic group (Fig. 2b-d, upper panels) , similar to what was seen for ER-negative cancers in Fig. 1a-c . In contrast, rates continued to rise after age 50 years for HRpositive/HER2-negative (Fig. 2a, upper panels) , though less for Malaysian than NHW and API women. IRRs by molecular subtype generally declined from NHW to API to Age-standardized incidence rates (ASR) per 100,000 woman-years were calculated using the 2000 US Standard population. Estimated annual percent change (EAPC) in the ASR per year and 95 % confidence intervals were calculated by weighted log-linear regression. Abbreviations API Asian or Pacific Islander, NHW Non-Hispanic white, ER Estrogen receptor Malaysian women irrespective of age group (Fig. 2 , lower panels), except for HR-negative/HER2-positive cancers. Notably, for these HER2-enriched breast cancers, the IRR was greater for API than NHW at ages 40-69 years.
Discussion
In this study, we compared the relative and absolute breast cancer incidence rates (risks) among women in the Sarawak state of Malaysia and the United States SEER 18 registries database. Consistent with previous reports from low-risk native Asian populations [15] , we found a higher proportion of HR-negative breast cancers in Malaysia. However, the observed relative differences did not translate into higher absolute risks (incidence rates) for any of the four so-called 'intrinsic' breast cancer subtypes. For example, the incidence rate for every subtype in all age groups was the highest among NHW, followed by API, and then Malaysian women. The one exception was HR-negative/HER2-positive (HER2-enriched) cancers among API populations at ages 40-69 years, which is consistent with other studies among Asian women [13, [16] [17] [18] . Notably, the incidence rate for the HR-negative/HER2-positive subtypes in Sarawak also reached the NHW rate at ages 40-69 years. In total, these observations suggest that Asian women may have an inherently greater risk for HER2-enriched breast cancer.
Long gone are the days where breast cancer overall can be considered a single disease. The distinct age-specific incidence rates suggest different age-associated etiologies for the different breast cancer subtypes. Risk factors that are more prevalent in high-risk populations such as high dietary fat intake, nulliparity, late age at first birth, and post-menopausal obesity are more strongly associated with the risk of HR-positive than HR-negative disease [19, 20] . These observations may partially explain the disproportionally large incidence gap for HR-positive subtypes among NHW women in the US and Asian women in Sarawak. The presence of population-based mammographic screening in the US and its absence in Malaysia may also contribute to the incidence differences particularly for HRpositive subtypes, given that screening has a greater sensitivity for HR-positive than HR-negative breast cancer [21] . Risk factors for HR-negative subtypes are less clear, though a recent analysis from the African American breast cancer epidemiology and risk (AMBER) consortium showed that parity with lack of breast feeding was a risk factor for HR-negative subtypes, especially HR-/HER2-(triple negative) cancers [22] . Nonetheless, even though all of the risk factor profiles for the various breast cancer subtypes are not completely known, this study suggests that the exposures for all subtypes are elevated among women in the US.
Analogous to the women in Malaysia, breast cancer among women in sub-Saharan Africa often report a higher prevalence of HR-negative breast cancer compared to Western countries [4, 23, 24] . These findings have led researchers to conclude that traditionally ''low-risk'' countries are at ''high-risk'' for the more aggressive HR-negative cancers. However, most all of these analyses generally have relied upon relative frequency distributions rather than population-based age-adjusted or age-specific incidence rates, and therefore, may not reflect absolute risk differences.
Our study is not without limitations. Calculations of incidence rates in Sarawak were based on hospital cases, which may not represent the total breast cancer population in Sarawak. However, the numbers of cases treated in SGH and reported by Sarawak cancer registry are very similar, [9] suggesting near total case ascertainment. Also, molecular marker data were not available for Malaysian cases diagnosed before 2003; and therefore, our analysis is limited to the most recent decade. Similarly, SEER 18 analysis by molecular subtype was restricted to the 2010 and 2011 collection period. Finally, there are several ethnic groups in Sarawak with distinct lifestyles and breast cancer subtype distributions, especially between Chinese and non-Chinese women [9] . However, our study was not powered to investigate the incidence and survival patterns by molecular subtype and ethnicity. Major strengths of our study are the molecular characterization of tumors and the population-based case collection that enabled us to calculate the absolute incidence rates by breast cancer subtypes. These unique data in Sarawak, Malaysia are being compared to the US SEER 18 dataset with available HER2 expression, which to our knowledge have not previously been used to compare across different geographic locations. Our findings highlight the importance of using a rate-based approach when comparing cancers between different geographic locations and/or ethnic groups.
In summary, our evaluation shows a greater absolute risk for all subtypes of breast cancer among women in the US compared to Asian women in a low-risk country like Malaysia. If our results are generalizable, other low-risk countries and/or populations may be at lower absolute risk for HRnegative as well as HR-positive breast cancers. Finally, additional research is sorely needed to determine why women in high-risk populations and/or countries like NHW in the US are at greater risk for all subtypes of breast cancer.
